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RADIATION CALCULATIONS USING LAHET/MCNP/CINDER®0

Laurie Waters
Los Alamos National Laboratory, MS H303
Los Alamos, New Mezico 87545

ABSTRACT

The LAHET Code System is now being used to address a variety of topics in
radiation calculations needed by high energy physics. Recent improvements to the
code are described, and two example calculations are presented. The first illustrates
the use of the code in simulating low energy neutron response for the lead scintillator
sampling calorimete: of Brookhaven experiment 814, The second describes the
neutron fluence and activation calculations done for the forward calorimieter in the
proposed SSC GEM detector.

1. Introduction

The need for simulations of various radiation environments in accelerator
projects such as SSC and LHC is well known. T 9ssible damage to sensitive de-
tectors and electronics must be estimated, and ar equate protection designed. The
contribution to detector background noise within the calculated environment must
be studied. Aids are also needed in the design of shielding for detectors halls and
access tunnels, not only for normal operations, but for possible disaster scenarios.
Increasingly there is a demand for advance estimates of possible radiation doses for
those servicing equipment, and for activation information for detector and acceler-
ator components. Very simmilar calculations are also essential for lower energy, but
high intensity proposals such as the design of neatron targets for Accelerator I'rans-
mutation of Wastes, and Advanced Neutron Sources. The LAHET Code System
(LCS) is now being applied to many of these tasks. Along with a deseription of the
code, two examples are described iu this paper.

2. The LAHET Code Systein

An overali diagram of the LCS is shown in figure 1, Further details for the
CINDERY0 activation code interface are given i figure 2. The Los Alamos High
Fonergy Transport (LAHET) code’ is a monte carlo simulation package in which
various options for the teacking of hadrons, photons and electrons may be chosen,
Source particle deseriptions are either desigrated by the user or read in from an
external file. Hadrons with kinetic energies greater than H GeVoare followed with the
FLUKA? code: those below 2 GeVowith the HTETC Berting maodel o the ISABEL
code 'V A Tinear transttion s made hetween those ionits, which miay also he adjusted
by the user. Standard LAHET options' sueh as the RAL evaporation fission model,
Fernn breakup for nucler with A less than 200 wied a preeguilibemm maodel may be



selected. All photons and electrons are followed with EGS4, which has now been
implemented into the LAHE'T package. Primarily as au aid to analysis of scintillator
response, the H(n,n) and *C { n reactions have been extended to .1 MeV directly
in the LAHET code*. An interface to the TRACE?® code has also been added to
provide a substitute for the standard Birks formalism of scintillator light output.
The enhanced LAHET package is referred "0 as SUPERHET.

Neutrons with kinetic energies less t..an 20 MeV are written to a file for
further processing with the coupled neutron-photon monte carlo code MCNP¢, The
current version, MCNP4, will fully track not only photons from the (n,y) reactions,
but electrons produced by the gammas as well. The MCNP surface based geometry
package is used throughout the LCS.

Spallation products produced by SUPERHET and the neutron fluences from
MCNP form the input into the CINDER90” activation code, where their subsequent
decay is tracked over timne. Currently CINDER90 supports a library of 736 targets
and 12023 reactions.

3. The E814 Participant Calorimeter

One element of Brookhaven AGS Experiment E814 is a lead/scintillator sam-
pling calorimeter known as the Participant Calorimeter (PCAL). Figure 3 shows
the construction of this deviee®. The PCAL consists of four identical quadrants
arranged around the beam (fig. 3a). Each quadrant is subdivided into four "pic”
shaped slices of 22.5° each, arl each pie is further divided radially into eight towers.
Fach tower is read out by a scintillator plate with the signal carried by a scintillating
fiber coupled along the edge of the plate. Longitudinally, the caloritieter consists
of alternating layers of the 0.3 cm thick scintillator and 1.0 cmi lead absorber plates.
The scintillator plates lie in 0.1 ¢mi polypropylene trays, The PCAL is divided into
4 segients (fig. 3b); the first electromagnetic (KM1) consisting of 6 Pb/sci sections,
the second electromagnetic (KKM2) consisting of 6 Ph/sci sections, the first hadronic
(HADI1) with 24 Pb/sei sections and the second hadronic (HAD?2) with 23 Ph/sci
sections. Each of the four segimonts is further separated by 1.6 cm steel plates for
support. The PCAL contains a tota] of 4 hadronic interaction lengths.

Figures 4 through 6 show the results of the LCS simulations with 2,46 GeV /e
momentiin pions and protons, nsing data taken at the AGS™. Figure 1 shows the
total energy contained in the PCAL for protons and pions. MCONP unfortunately
does not track the charged particle products of low energy neutron interactions;
therefore these particles must be regenerated by using the MCNP neutron flnence
as a souree input into SUPERHET. The effect of the low energy neutrons is il
lustrated by comparing the simulation vesults with SUPERHET alone, and with
the MONP,; SUPERHET analysis added in, The effect of adding in the response of
nentrous with kinetie energies less than 20 MeVois to inerease the energy deposition
upward by about 10",

Energy deposition is shown within the various segiments for the pions in fignee
O The tadls of the disteibutions are well reproduced and no renormalization at all



is required to match the dita. The proton radial distribution is shown in figure 6.
In the simulation, the energy per unit area deposited in concentric rings of 4 cm
width centered around the beam axis is shown. The points are joined with a solid
line to guide the eye. Again, the simulations are in good agreement with the data.

4. The GEM Forward Caloriineter

The simulation of the GEM FCAL used in this illustration is shown in figure
7. The device was divided into 16 segments for the calculation, of which segment 1
is the most active The FCAL is composed of 92.9% by volume tuigsten absorber
(WNAH07C), 6.4% liquid Argon, and .7% kapton/copper readout elements. Shown
in figure 8 are the distribution of spallation products from SUPERHET and the
neutron fluence from MCNP which form the input into CINDER90. Structures
in the neutron fluence due to resonances in the neutron scattering and absorption
spectra, notably the dip at 10 eV, are easily recognized. The fluence, when plotted
as AN/d(InE) is essentially a gaussian peaked around .1 MeV. In sinilar calculations
for other materials, it is quite notable that the positioning of the peak is largely
determined by the size of the detector and the magnitude of the neutron elastic
scattering cross section. Thlie shape of the peak is determmined by the overlap with
elastic and absorption resonances. Such resonances are positioned far below the
peak of the FCAL data and do not disturb its shape.

Figure 9 summarizes the activity density for the FCAL section 1 over 30
time steps. ‘The primary beam is assumed to run for 6 months, then shut off. The
subsequent decay is followed for another 6 months. The sudden fall off at shutdown
is due to the disappearance of various short lived excited nuclear states. At shut-
down, a maximum activity density of L.I1xl0 * ci/ce is reached (3.3 ¢i integrated
over Section 1). The plot also illustrates the contribution of the low energy neutron
interactions to the caleulation. The lowest curve on the plot represents the calcu-
lation only for SUPERHET spallation products. Other curves show the increase
in activity as the neutron fluence for various energy ranges is added in. Note that
one day after shutdown, the original spallation products account for 20% of the
activity., One major long lived nuclide acconnting for much of the activity is Wi,
contributing 30% afier 6 months of heam, and 63% one day later.

Much other data is available from the calenlation. Figure 10 shows the decay
power. Leo total energy of the decay gammas and electrons, in Watts/ce. Not all
of the gamma spectra for de aying nuclides are available in the stanaard libraries,
To ke up the difference, each unknown nuclide was assigned a spectrum from the
known data bhased on the even ness or oddness of its 7 and A, and from the Q value
of the reaction, The unkonowns are quite short lived, as is ilustrated i the figure
10,

To obtain the equivalent dose from the repion several approaches are possi
ble. One which illnstrates the self shielding properties of the material is illustrated
in fiwure A Point kernal shickhng caleulatior was made with the magor radionn

chde comrces i Section T after 1 day of cooling, The detector was modelled as an



mfinite slab of material with varying thickness, and the equivalent dose calculated
at the fiont of the slab. Little contribution is seen froni gamma sources deeper than
2 cm.

5. Conclusions

The LCS and CINDER code systems continue to be used to calculate needed
parameters for many types of accelerator based operations. Current work includes
the evaluation of neutron fluences at GEM and SDC, as well as activation of forward
clements in both detectors. Details of detector response to low energy neutron and
photon backgrounds are also being studied. The code is also highly important to
the design of neutron source at a variety of facilities.
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